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(57) ABSTRACT 
The invention is related to a method of presenting a digital 
information related to a real object, comprising determining 
a real object, providing a plurality of presentation modes, 
wherein the plurality of presentation modes comprises an 
augmented reality mode, and at least one of a virtual reality 
mode and an audio mode, providing at least one represen 
tation of a digital information related to the real object, 
determining a spatial relationship between a camera and a 
reference coordinate system under consideration of an image 
captured by the camera, selecting a presentation mode from 
the plurality of presentation modes according to the spatial 
relationship, and presenting the at least one representation of 
the digital information using the selected presentation mode. 

101 
Determine at least part of the spatial relationship between 

a Camera and a real object 

Determine from the at least part of the spatial relationship 102 
which mode of information presentation is suitable to 
provide digital information related to the real object 

103 
Present digital information related to the real object by 

means of the suitable mode of presentation 
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METHOD AND SYTEM FOR PRESENTING A 
DIGITAL INFORMATION RELATED TO A 

REAL OBJECT 

0001. The present disclosure is related to a method and 
system for presenting a digital information related to a real 
object. 
0002. In augmented reality (AR), a view of a real envi 
ronment. Such as a video image of the real environment, is 
combined with an overlay of digital information, often in the 
form of one or more virtual objects in a spatial relationship 
to the real environment. Handheld augmented reality 
requires the user to hold up a camera-equipped device Such 
that the camera captures an environment or an object with 
associated digital information. If the real environment or 
object is not visible in the camera image, the augmented 
reality view does not provide the digital information. Certain 
augmented reality applications Support users in tasks that 
may take several minutes or even hours; examples include 
pedestrian navigation and manuals for the maintenance of 
products. It may be inconvenient for a user to hold the device 
throughout the performance of the task and the user might 
want to put the device down temporarily or to stow it away. 
In this case, when using the augmented reality view, the user 
is not provided with the digital information Supporting his or 
her task, until the device is hold up again and the camera 
faces the object or environment again. 
0003. It was observed in user tests that this discontinu 
ation in the user experience causes users to lose track of their 
tasks. We further observed that some users did not put the 
device down in the fear of missing something out, even 
though they suffered from fatigue as a result of holding up 
the device. Both situations described above lead to a frus 
trating user experience. 
0004. It was further discovered that a most critical issue 

is that handheld video see-through AR applications require 
the user to continuously hold up the handheld device. This 
is necessary since the back-facing camera needs to capture 
the scene that should be augmented. This is not appropri 
ate both for the elderly, but also for healthy users— 
because handheld devices are often heavy and their slick 
surfaces makes it difficult to hold them up over a longer 
period of time. 
0005 Augmented reality tracking systems are faced with 
a challenge to accurately estimate an event of losing tracking 
in the perceivable time needed to set appropriate user 
expectations. Such systems usually work as binary on-off 
Switches. Standard approaches in the context of augmented 
reality are mainly limited to an alert dialog informing the 
user about lost tracking and asking him or her to point the 
device's camera to the real object or environment for recov 
ery of visual tracking. 
0006 EP 2 579 127 A1 proposes a method to determine 
the orientation of the head of a user of a mobile device. The 
system comprises the mobile device and a head-mounted 
accessory device which includes a digital compass to obtain 
the orientation of the head. The orientation is used to 
determine content to deliver to the user. 

0007 WO 2013/058950 A1 proposes a method of deter 
mining device orientation (i.e. facing downward orientation 
on the table). The device orientation is then used to activate 
an according notification profile (e.g. "Quiet”). 
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0008 US 2012/0280917 A1 proposes a method adjusting 
the device state (e.g. power saving mode) based on user 
intentions and/or identity using the device's sensors (touch, 
speed, light). 
0009 U.S. Pat. No. 8,594,744 B2 describes systems and 
methods for switching mobile device's mode of operation 
from speakerphone mode to handset mode based on Sam 
pling the user's voice. Additional user input is not neces 
sarily needed on the event of the transition to another mode 
of information presentation. Sampling is solely performed 
on the user's voice data (captured with a microphone). 
O010 EP 2 327 010 A2 and WO 2010/022386 A2 
describe navigation methods and systems in a three dimen 
sional environment on a mobile device using a virtual 
camera, an orientation sensor, and touch interactions. 
0011. It would be desirable to provide a method and 
system for presenting a digital information related to a real 
object which is capable of providing a non-interrupted user 
interface and experience, e.g. during performance of a given 
user task on a handheld device, for example when putting 
the handheld device down. 
0012. According to an aspect, there is disclosed a method 
of presenting a digital information related to a real object, 
comprising determining a real object, providing a plurality 
of presentation modes, wherein the plurality of presentation 
modes comprises an augmented reality mode, and at least 
one of a virtual reality mode and an audio mode, providing 
at least one representation of a digital information related to 
the real object, determining a spatial relationship between a 
camera and a reference coordinate system under consider 
ation of an image captured by the camera, selecting a 
presentation mode from the plurality of presentation modes 
according to the spatial relationship, and presenting the at 
least one representation of the digital information using the 
selected presentation mode. 
0013. According to another aspect, there is provided a 
method of presenting a digital information related to a real 
object, comprising determining a real object, providing a 
plurality of presentation modes, wherein the plurality of 
presentation modes comprises an augmented reality mode, 
and at least one of a virtual reality mode and an audio mode, 
providing at least one representation of a digital information 
related to the real object, determining a spatial relationship 
between a human eye and a reference coordinate system 
under consideration of at least one image captured by at least 
one camera, selecting a presentation mode from the plurality 
of presentation modes according to the spatial relationship, 
and presenting the at least one representation of the digital 
information using the selected presentation mode. 
0014. According to another aspect, there is provided a 
system for presenting a digital information related to a real 
object, comprising a processing system which is configured 
to determine a real object, provide a plurality of presentation 
modes, wherein the plurality of presentation modes com 
prises an augmented reality mode and at least one of a virtual 
reality mode and an audio mode, provide at least one 
representation of a digital information related to the real 
object, determine a spatial relationship between a camera 
and a reference coordinate system under consideration of an 
image captured by the camera, select a presentation mode 
from the plurality of presentation modes according to the 
spatial relationship, and to present the at least one represen 
tation of the digital information using the selected presen 
tation mode. 
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0015. According to another aspect, there is provided a 
system for presenting a digital information related to a real 
object, comprising a processing system which is configured 
to determine a real object, provide a plurality of presentation 
modes, wherein the plurality of presentation modes com 
prises an augmented reality mode and at least one of a virtual 
reality mode and an audio mode, provide at least one 
representation of a digital information related to the real 
object, determine a spatial relationship between a human eye 
and a reference coordinate system under consideration of at 
least one image captured by at least one camera, select a 
presentation mode from the plurality of presentation modes 
according to the spatial relationship, and to present the at 
least one representation of the digital information using the 
selected presentation mode. 
0016 Particularly, it is proposed to automatically deter 
mine if the current spatial relationship between the camera 
and the real object or environment is Suited for presenting 
digital information associated with the real object or envi 
ronment by using (visual) augmented reality (AR) presen 
tation, and if it is not, it is proposed to switch to a different 
mode of information presentation (like virtual reality (VR) 
presentation or audio presentation), which is better Suited to 
communicate the associated digital information to users 
which supports them in their task. The current invention 
helps to solve the above mentioned drawbacks by automati 
cally switching from the AR presentation to another mode of 
information presentation (e.g. VR presentation or audio 
presentation). 
0017. Throughout this document, the terms “AR presen 

tation”, “AR presentation mode”, “AR mode”, “augmented 
reality presentation', 'augmented reality presentation 
mode, and “augmented reality mode” are used interchange 
ably. Further, this document uses the terms “VR presenta 
tion”, “VR presentation mode”, “VR mode”, “virtual reality 
presentation”, “virtual reality presentation mode, and “vir 
tual reality mode' interchangeably. Also the terms “audio 
presentation”, “audio presentation mode”, and “audio 
mode are used interchangeably throughout this document. 
0018. The problem the present invention is trying to 
tackle is to remove the gap of interrupted user experience 
when putting a handheld device down or stowing it away. 
This could for example be detected based on (changes of) 
the device orientation. It is thus proposed a system and 
method for continuous user experience, particularly by 
changing the mode of information presentation according to 
at least part of the spatial relationship between a camera, or 
eye, respectively, and a real object. The advantage over the 
common approaches is that we may continuously maintain 
logical connection with a user and present digital informa 
tion related to a real object in such a way that is best suited 
for a given context, i.e. for a spatial relationship between the 
camera, or eye, and the object. 
0019 Currently, in AR applications (e.g. AR browsers) 
and/or AR or computer vision software development kits, 
states are provided whether objects or environments are 
tracked or not, and the application developer may react to 
the event that an object or environment is not tracked, e.g. 
by providing visual instructions to the user telling how to 
reach the state that the desired object or environment is 
tracked, e.g. by "Please point the camera towards the maga 
Zine cover to start the augmented reality experience'. A 
future version of an AR application and/or AR or computer 
vision Software development kit, according to the invention, 
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might provide states, telling that 1) the digital information 
can be presented spatially registered rendered on top of a 
live video image or live view of the object (AR mode), or 2) 
that the digital information can be presented visually on the 
screen but without any live registration (VR mode), or 3) 
that the digital information cannot be presented visually on 
the screen but may be presented acoustically, e.g. by speak 
ers or headphones (Audio mode). 
0020. An application developer may handle these cases 
manually, or the SDK (software development kit) might 
understand a description of digital information which com 
prises different representations, e.g. including 3D models for 
the AR mode, 3D models or 2D images for the VR mode, 
textual instructions which may be printed on the screen in 
combination with either the AR or the VR mode, or which 
may be read to the user in an Audio mode using text-to 
speech synthesis software. Different modes of information 
presentation from the device to a user might be equivalent 
(meaning they carry the same information) or they may 
differ in terms of richness of detail. Modes with little details 
may encourage the user to Switch to a mode with richer 
details if beneficial. 

0021. Different from the above mentioned prior art, the 
approach according to the invention determines a Suited 
mode of digital information presentation based on the cur 
rent spatial relationship between a camera and a real object 
to which the digital information is related. The method of the 
present invention may perform changes in the way a user 
consumes (or perceives) digital information about the object 
with respect to a context of observation (i.e. to switch 
between (video see-through) AR mode, VR mode, and 
Audio mode) to deliver a non-interrupted user experience, 
e.g. during performance of a given user task. Examples of 
the user tasks include performing maintenance of a product, 
and navigating to a specified destination. 
0022. The present invention provides the advantage that 

it presents digital information related to a real object (to a 
user) in the best Suited mode of information presentation. 
Particularly this includes an augmented reality information 
presentation mode which provides particularly rich infor 
mation but is only Suitable in certain situations, i.e. for 
certain spatial relationships between the camera and the real 
object. The advantage of this invention over the prior art is 
that the user is still provided with the digital information 
related to a real object even if the situation, i.e. spatial 
relationship between the camera and the real object, is not 
suited for AR, while prior art discontinues presentation of 
the digital information related to the real object in this case. 
0023) Adaptive contextual switching for AR User Inter 
faces is not widely explored for maintenance and pedestrian 
navigations tasks. Urban cycling navigation can also benefit 
from this invention. We have explored the spatial relation 
ship between a tracking system (i.e. at least using a camera 
sensor) and the observed real object to which digital infor 
mation is related. Digital information of a real object is 
delivered in a suitable way to the user at a given context of 
observation: visually (e.g. in form of descriptive text, 
images, 3-D models, 2-D maps, etc.) through the display 
Superimposed in a video feed, visually without any live 
camera feed, or acoustically through the speakerphone or 
headphones. 
0024 For example, the processing system according to 
the invention is comprised at least in part in a mobile device 
(such as a mobile phone, wearable computer, tablet com 
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puter, or mobile computer, often called laptop) and/or in a 
server computer adapted to communicate with the mobile 
device. The processing system may be comprised in only 
one of these devices, e.g. in the mobile device or in the 
server computer, or may be a distributed system in which 
one or more processing tasks are distributed and processed 
by one or more processing devices which are distributed and 
are communicating with each other, e.g. by point to point 
communication or via a network. 
0025. According to an embodiment, the system com 
prises a mobile device which comprises the camera and a 
display device. 
0026. The embodiments, aspects and examples described 
herein with respect to the method can equally be imple 
mented by the processing system being configured (by 
software and/or hardware) to perform the respective steps. 
Any used processing device may communicate via a com 
munication network, e.g. via a server computer or a point to 
point communication, with one or more cameras, displays 
and/or any other components. 
0027. According to another aspect, the invention is also 
related to a computer program product comprising Software 
code sections which are adapted to perform a method 
according to the invention. Particularly, the software code 
sections are contained on a computer readable medium 
which is non-transitory. The Software code sections may be 
loaded into a memory of one or more processing devices 
(such as microprocessors) as described herein. Any used 
processing devices may communicate via a communication 
network, e.g. via a server computer or a point to point 
communication, as described herein. 
0028. According to an embodiment, the plurality of pre 
sentation modes further comprises an audio mode. Particu 
larly, the audio mode generates a Sound according to the at 
least one representation of the digital information. 
0029. According to an embodiment, the augmented real 

ity mode visually blends in the at least one representation of 
the digital information on a display device in a live view of 
the real object according to at least part of a spatial rela 
tionship between the camera or human eye, respectively, and 
the real object, the virtual reality mode visually presents the 
at least one representation of the digital information and a 
representation of the real object on a display device, and the 
audio mode generates a sound according to the at least one 
representation of the digital information. 
0030. For example, the live view of the real object is 
captured as at least one image by the camera, and the display 
device includes a screen, wherein the at least one image is 
displayed on the screen. According to another example, the 
live view of the real object is captured by the human eye, and 
the display device includes a semi-transparent screen. 
0031. According to an embodiment, the invention com 
prises determining at least one image of at least part of the 
real object captured by the camera as at least one key image 
according to the pixel information of the at least one image 
and/or according to a pose of the camera relative to the 
reference coordinate system when the camera captures the at 
least one image and/or according to a manual input. 
0032 For example, the representation of the real object 
comprises the at least one key image. 
0033 According to an embodiment, the invention com 
prises determining at least one pose of the camera relative to 
the reference coordinate system when the camera captures at 
least one image of at least part of the real object as at least 
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one key pose according to the pixel information of the at 
least one image and/or according to at least one threshold 
and/or according to a manual input. 
0034) For example, the representation of the real object is 
presented according to the at least one key pose. 
0035. According to an embodiment, the real object is 
determined according to at least one image of at least part of 
the real object captured by the camera. 
0036. According to another embodiment, the real object 
is determined according to at least one manual input. 
0037 According to an embodiment, the at least one 
representation of the digital information comprises at least 
one of a three-dimensional object, a triangle mesh, a point 
cloud, a Volume dataset, a Bezier curve, a spline, a Surface 
description, an image, a Sound, a text, a video, and an 
animation. 

0038 According to an embodiment, the reference coor 
dinate system is associated with the real object. 
0039. According to another embodiment, the reference 
coordinate system is associated with the earth or a tracking 
system. 
0040. For instance, the selecting a presentation mode 
from the plurality of presentation modes according to the 
spatial relationship comprises determining if at least part of 
the real object is within the field of view of the camera, if 
yes, selecting the augmented reality mode as the presenta 
tion mode, otherwise, selecting at least one of the virtual 
reality mode and an audio mode as the presentation mode. 
0041 According to another embodiment, the selecting a 
presentation mode from the plurality of presentation modes 
according to the spatial relationship comprises determining 
if the spatial relationship indicates that a distance between 
the camera and the real object is below a threshold, if yes, 
selecting the augmented reality mode as the presentation 
mode, otherwise, selecting at least one of the virtual reality 
mode and an audio mode as the presentation mode. 
0042. For example, the selecting at least one of the virtual 
reality mode and the audio mode as the presentation mode 
further comprises determining an orientation of the camera 
with respect to a gravity direction, and selecting one of the 
virtual reality mode and the audio mode as the presentation 
mode according to the orientation of the camera. 
0043. According to an embodiment, the selecting at least 
one of the virtual reality mode and the audio mode as the 
presentation mode further comprises determining if a gaZe 
of one or more eyes locates on a display device, wherein the 
at least one representation of the digital information is 
presented on the display device using the augmented reality 
mode or the virtual reality mode, if yes, selecting the virtual 
reality mode as the presentation mode, otherwise, selecting 
the audio mode as the presentation mode. 
0044 According to an embodiment, the spatial relation 
ship between the camera and the reference coordinate sys 
tem is further determined according to a GPS, a compass, 
and/or an inertial sensor attached to the camera or according 
to a tracking system. 
0045. According to an embodiment, the spatial relation 
ship between the camera and the reference coordinate sys 
tem is a first spatial relationship, and the reference coordi 
nate system is a first reference coordinate system, and the 
method further comprising determining a second spatial 
relationship between a display device and a second reference 
coordinate system, wherein the at least one representation of 
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the digital information is presented on the display device 
using the augmented reality mode or the virtual reality 
mode. 
0046 For example, the second reference coordinate sys 
tem is associated with a human eye, and the second spatial 
relationship is determined according to at least one image of 
the eye captured by a camera attached to the display device. 
0047 According to another embodiment, the second ref 
erence coordinate system is associated with the real object, 
and the second spatial relationship is determined according 
to at least one image of at least part of the real object 
captured by a camera attached to the display device. 
0048. According to another embodiment, the second ref 
erence coordinate system is associated with the earth or a 
tracking system, and the second spatial relationship is deter 
mined according to the tracking system or an inertial sensor 
attached to the display device. 
0049 According to an embodiment, the selecting a pre 
sentation mode from the plurality of presentation modes 
according to the spatial relationship comprises selecting the 
presentation mode according to the first spatial relationship 
and the second spatial relationship. 
0050. According to an embodiment, the invention further 
includes informing the user that one of the plurality of 
presentation modes provides the user with a richer repre 
sentation of the digital information than another one of the 
plurality of presentation modes, and giving an instruction 
about a movement or position or orientation for changing the 
spatial relationship between the camera or eye, respectively, 
and the reference coordinate system such that the one of the 
plurality of presentation modes is Suited for presenting the 
digital information in a richer way. 
0051. For example, the selecting a presentation mode 
from the plurality of presentation modes according to the 
spatial relationship comprises selecting the presentation 
mode according to the first spatial relationship and the 
second spatial relationship. 
0052 For example, the first spatial relationship is deter 
mined based on visual tracking and describes the relation 
ship between the camera and a real object. The second 
spatial relationship could be measured, for example, with 
inertial sensors and refer to the relationship between a 
display (device) and earth. The first spatial relationship 
could be used to determine whether the real object is visible 
in the camera image, which might be a prerequisite for the 
augmented reality presentation mode. The second spatial 
relationship in this case might be indicative of whether the 
display faces downwards and can therefore not be observed 
by a user, or if it does not face downwards. Suitability of the 
virtual reality presentation mode might, for example, require 
that the display may be observable by a user. Note that the 
display (device) and the camera are not necessarily con 
nected in a rigid way. Therefore, both the first and the second 
spatial relationship might refer to the same coordinate 
system, e.g. associated with the real object, but still be 
completely unrelated if the camera and the display device 
move unrelatedly. 
0053 For example, the level of richness is manually 
defined as the augmented reality mode being the presenta 
tion mode with the richest information, or the level of 
richness is defined for a particular use case and each digital 
information independently. 
0054 According to an embodiment, a method comprises 
the following steps: 1) Determine at least part of a spatial 
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relationship between a camera and a real object, 2) deter 
mine from the at least part of the spatial relationship which 
mode of information presentation is suitable to provide the 
digital information related to the real object, and 3) present 
digital information related to the real object by means of the 
determined mode of the information presentation. Option 
ally, an additional step can be performed between 2) and 3) 
which checks availability of data representations of a digital 
information related to the real object and based on this 
information and the outcome of 2), i.e. which mode of 
presentation is suitable, determines which mode to use in 3). 
0055 Aspects and embodiments of the invention will 
now be described with respect to the drawings, in which: 
0056 FIG. 1 shows a flow diagram according to an 
embodiment of the invention, 
0057 FIG. 2 shows exemplary scenarios according to an 
embodiment of the present invention, 
0.058 FIG. 3 shows another exemplary scenario accord 
ing to an embodiment of the present invention, 
0059 FIG. 4 depicts basic layers of architecture accord 
ing to an embodiment of the invention, 
0060 FIG. 5 shows an example of an underlying data 
representation layer of digital information in an embodiment 
of the invention, 
0061 FIG. 6 depicts a workflow diagram according to an 
embodiment for a selection of an appropriate information 
presentation mode, 
0062 FIG. 7 shows a flow diagram of how an embodi 
ment of the invention may determine if the augmented 
reality presentation mode is Suited based on at least part of 
the spatial relationship between a camera and a real object, 
0063 FIG. 8 shows a flow diagram of how an embodi 
ment of the invention may determine if the virtual reality 
presentation mode is Suited based on at least part of the 
spatial relationship between a camera and a real object, 
0064 FIG. 9 shows a flow diagram of how an embodi 
ment according to the invention may determine whether a 
camera is stowed away, 
0065 FIG. 10 schematically shows two scenarios in 
which a real object is observed through an optical see 
through display by a human eye, wherein the field of view 
of the eye through the display includes and does not include, 
respectively, the real object. 
0.066 FIG. 1 shows a flow diagram according to an 
embodiment of the invention. In a first step 101 at least part 
of the spatial relationship between a camera and a real object 
(e.g. a reference coordinate system associated with the real 
object) is determined. The at least part of the spatial rela 
tionship between a camera and a real object is then used in 
step 102 to determine which mode of information presen 
tation is suitable to provide digital information related to the 
real object. Step 103 presents digital information related to 
the real object by means of the suitable mode of presenta 
tion. Exemplary embodiments of the invention are shown in 
FIGS. 2 and 3 which will be explained herein below. 
0067. The digital information may be associated with or 
related to the real object by an authoring process. For 
example, a user could assign the digital information to an 
image of the real object using a computer to relate the digital 
information to the real object. In another example, the real 
object may be represented by a CAD model or a set of image 
features (e.g. SIFT descriptors). The digital information may 
be linked to the CAD model or the set of image features. 
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Step 101 in FIG. 1 can be implemented in different ways 
depending on available information and sensors, as well as 
depending on the use case. 
0068 A spatial relationship between a camera and a real 
object may include physical distances or angles. A spatial 
relationship may include binary information. For example, a 
spatial relationship may be that the real object is located in 
front of the camera, i.e. in front of the image plane of the 
camera. A spatial relationship may also be that at least part 
of the real object is located within the frustum of the camera, 
which may be parameterized as a pyramid. Analogously the 
spatial relationship might refer to binary information about 
whether or not at least part of the real object is located within 
any geometric shape, space, or halfspace in the coordinate 
system of the camera, including a sphere, a tetrahedron, a 
cube, an octahedron, a pyramid, a cone, a cylinder or any 
other three-dimensional shape. All these examples refer to 
the translation between the camera and the real object, which 
is at least part of a spatial relationship. Other examples how 
to define the spatial relationship include providing a (1D) 
distance (e.g. depth) between the camera and the real object, 
or providing at least one of the three coordinates indicative 
of the three-dimensional translation in Euclidean space 
between the camera and the real object given for example in 
physical units, such as millimeters or meters. For example, 
the spatial relationship may describe the height of the real 
object relative to the height of the camera. The spatial 
relationship may further be indicative of an orientation. For 
example it might describe one, two, or three degrees of 
freedom of the orientation of the real object in the coordinate 
system of the camera. It might also describe one, two, or 
three degrees of freedom of the orientation of the camera in 
the coordinate system of the real object. For example, if the 
real object is the environment (e.g. a city, buildings, plants, 
or a land), at least part of the spatial relationship between a 
camera and the real object may comprise the orientation of 
the camera with respect to gravity, which contains informa 
tion about two degrees of freedom, and can be measured 
with inertial sensors. Further, a GPS sensor attached to the 
camera could also be used to determine a position of the 
camera relative to the environment, which is a spatial 
relationship. A spatial relationship might refer to anything 
and any combination of what has been discussed above. 
Analogously, at least part of a spatial relationship might also 
refer to any combination of what has been discussed above. 
0069. In an embodiment the spatial relationship between 
a camera and a real object is determined based on the camera 
image and a model of the real object using model-based 
visual tracking. This can for example be implemented using 
point features, feature descriptors, feature classifiers, or line 
features from the camera image and correspondences thereof 
with the model. 

0070 The spatial relationship may be determined based 
on an image-based object recognition method in another 
embodiment, which determines if a real object is at least 
partially within the view frustum of the camera or not. 
0071. In another embodiment the spatial relationship 
between a camera and a real object is determined based on 
range data as provided by a depth-sensing camera. If a 
model of the real object exists, the spatial relationship may 
be expressed as a 6DoF (DoF: degree of freedom) rigid body 
transformation combining a 3D rotation and a 3D transla 
tion. 
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0072 Another embodiment determines the (1D) distance 
between a camera and a real object. Another embodiment 
does not rely on any camera image for determining at least 
part of the spatial relationship between a camera and a real 
object, but instead uses information provided by auxiliary 
sensors attached to the camera, such as inertial sensors, 
(three-axis) accelerometers, (three-axis) gyroscopes, elec 
tronic compasses, GPS receivers, or any other positioning 
system, for example based on Bluetooth. In these cases, the 
partial spatial relationship between a camera and a real 
object may comprise only (part of) a translation, or only 
(part of) a rotation, or a combination of both. 
0073. A spatial relationship may include at least part of a 
rotation, at least part of a translation, and it may further 
include information on the certainty of the individual parts 
or degrees of freedom of the spatial relationship. In particu 
lar, the spatial relationship may include information that at 
least one or all degrees of freedom could not be determined 
with a certainty greater than a random guess. This may for 
example be due to visual tracking failing to localize an 
object in the camera image. 
0074 Step 102, in which a suited mode of information 
presentation is determined based on at least part of the 
spatial relationship between a camera and a real object, may 
also depend on in which representations the digital infor 
mation is available and it may further depend on the readings 
of additional sensors, as well as on the use case. 
0075. The modes of information presentation might have 
different priorities, and an embodiment of step 102 decides 
on the mode with the highest priority among the Suited 
modes according to the at least partially known spatial 
relationship. 
0076. In an embodiment, step 102 considers augmented 
reality presentation suitable if all six degrees of freedom of 
the rigid body transformation between the camera and the 
real object are provided with a certainty or probability above 
a particular threshold that has been manually defined, e.g. a 
certainty value 0.25, or a unit value 0.1 meter or 1 degree. 
For the certainty value, in one example, it may designate that 
it is 100% certain that one is inside the office. The certainty 
in this case is 1.0. 

0077. In an embodiment, step 102 considers virtual real 
ity presentation suitable if the orientation of the camera 
relative to the real object is within a defined range of 
orientations. This defined range of orientations may be 
indicative of orientations in which a display, which is rigidly 
connected to the camera, may be observed by a user. This is 
further elaborated in the context of FIGS. 2a, 2b, 3a, and 3b. 
0078 Embodiments of step 102 and sub steps thereof are 
discussed in FIGS. 6-9. 

(0079 FIG. 2a shows an embodiment of the present 
invention. Within a real environment 206 including a house 
201 and a street 207, there is a user 202 holding a computer 
(e.g., a mobile device. Such as a Smartphone or tablet 
computer) with a back-facing camera and a display 203. The 
user holds the computer up Such that the back-facing camera 
captures at least part of the house 201, which is a part of the 
real object (i.e. the real environment 206) in this example. 
The digital information related to the real object is that the 
user needs to turn right in front of the house to reach the 
destination. For example, in one computer implementation, 
a navigation information (e.g. a path to a destination) is 
associated with the real environment. The navigation infor 
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mation may be saved or pre-stored in a computer or be 
generated by a computer program with a given destination. 
0080. The real object 206 (i.e. the real environment) or 
the part of the real object (i.e. the house 201) may be first 
determined automatically according to an image of at least 
part of the house captured by the camera (e.g. the back 
facing camera) using an image recognition algorithm. A 
location of the camera may be obtained from a GPS sensor, 
which could determine the real object (i.e. the real environ 
ment). The real object may also be manually provided, e.g. 
by the user. 
0081. When multiple entities of digital information are 
associated with the real object, at least one of the multiple 
entities of digital information is manually or automatically 
chosen to be presented to the user. 
0082 In the present example, a camera localization 
method is performed on the computer to determine at least 
part of the spatial relationship between the back-facing 
camera and the house, i.e. a part of the real environment, i.e. 
the real object. The camera localization method may use 
information from images of the back-facing camera, but it 
may also function without any camera, e.g. based on GPS, 
inertial sensors and/or an electronic compass. Based on the 
determined at least part of a spatial relationship, an embodi 
ment of this invention determines that video see-through 
augmented reality is a suitable form of information presen 
tation. Accordingly, on the display there is shown a live 
image 204 of the environment captured by the back-facing 
camera as well as a spatially registered 3D instruction 
element 205, which in this example is a representation of the 
digital information related to the real object. The spatial 
registration is achieved based on the determined at least part 
of the spatial relationship of the back-facing camera relative 
to the house, and therefore environment, i.e. real object. The 
3D instruction element 205, which is an arrow (i.e. a 
representation of “turn right') in this case, Supports the user 
in navigating to a certain target destination by telling the 
user to turn right in front of the house. 
0083. In a different situation according to FIG. 2b, there 

is the same user 212 in a real environment including a house 
211 and a street. The user has a computer with a back-facing 
camera and a display 213 hanging around the neck. In this 
case, the back-facing camera does not capture any part of the 
house 211, which is a part of the real object in this example. 
A camera localization method is performed on the computer 
to determine at least part of the spatial relationship of the 
back-facing camera relative to the house. The camera local 
ization method may use information from images of the 
back-facing camera, but it may also function without any 
camera, e.g. based on GPS and inertial sensors. The deter 
mined partial spatial relationship is processed by an embodi 
ment of this invention which determines a suited mode of 
information presentation. The digital information in this 
case is again the information that the user should turn right 
in front of the house. Because the camera image does not 
capture any part of the house, displaying a live image of the 
environment captured by the back-facing camera with a 
spatially registered 3D instruction element located close to 
the house would result in the 3D instruction not being 
visible. Therefore, (video see-through) augmented reality is 
not a Suited mode of information presentation in this case. 
Furthermore, because the computer is hanging around the 
user's neck, the user cannot observe the display. Therefore, 
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any visual mode of information presentation is not Suited. 
This can for example be determined according to FIG. 6. 
I0084. In another embodiment, a spatial relationship 
between the display and a reference coordinate system may 
also be determined as an additional condition for determin 
ing a Suitable presentation mode. In this example, the spatial 
relationship between the display and the eye of the user 
indicates if the user observes the display. For this, a front 
facing camera that is attached to the display could be used 
to detect human eyes based on images captured by the 
front-facing camera. If none of the eyes is detected in an 
image of the front-facing camera, the user's eye may be 
determined to be not in the front of the display and thus the 
user cannot observe the display. 
I0085. In such situation, the invention presents the infor 
mation corresponding to the information presented by the 
instruction element 205 in a different, more suitable, mode 
of information presentation, which is in the present case an 
audio mode. Using headphones 214 the invention presents 
the user with an audio signal 215 telling the user to turn 
right. This could for example be implemented using text 
to-speech Software. 
0.086 FIG. 3a shows another embodiment of the inven 
tion. A real object 301 located on a table 302 is captured by 
the back-facing camera 306 of a computer 307 with display 
303. The computer 307 includes one or more processing 
devices, such as one or more microprocessors. The image 
captured by the camera 306 is processed to determine at least 
part of the spatial relationship between the real object 301 
and the back-facing camera 306 of the computer 307. An 
embodiment of this invention determines that given the 
spatial relationship, which is indicative of the real object 
being partially inside the field of view (FOV) of the camera, 
i.e. partially visible in the camera image, the augmented 
reality presentation mode is suitable. 
I0087. As a result, on the display 303 of the computer 307 
there is shown the image 304 captured with the back-facing 
camera 306 showing at least part of the real object 301. 
There is further shown the digital information related to the 
real object, which is a virtual object 305 that has a spatial 
relation (i.e. a known pose) to the real object 301 and is 
shown overlaid onto the camera image. In the present 
example the real object 301 is a mug and the virtual object 
305 is a lid for the mug. The virtual object is displayed 
spatially registered with the image of the real object based 
on the determined at least part of the spatial relationship 
between the real object 301 and the back-facing camera 306 
of the computer 307. In this example, the spatial relationship 
between the real object 301 and the back-facing camera 306 
is a rigid 6DoF transformation including a 3D translation 
and a 3D rotation. The representation of the digital infor 
mation (i.e. virtual lid 305) can in this case for example be 
a three-dimensional object composed of triangles potentially 
with attributes assigned to their vertices, such as color, 
normal, or texture coordinates. 
0088. In a different situation, as shown in FIG. 3b, 
another embodiment of the invention runs on a computer 
318 with display 313 and back-facing camera 320, which is 
lying on a real table 312 next to a real object 311. The real 
object is not captured in the camera image of the back-facing 
camera because the real object is not at a position within the 
FOV of the camera. This specific spatial relationship 
between the real object and the camera (i.e. the real object 
being out of the FOV of the camera) may be determined 
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according to an image recognition method to detect if the 
real object is partially in the camera image. Therefore an 
explanation of a lid that might be put on the real object, 
which is a mug, cannot be performed by rendering it 
spatially registered with a live camera image showing at 
least part of the real object, as would be done in the 
augmented reality presentation mode. 
0089. One embodiment of this invention determines this 
specific spatial relationship and a Suitable mode of presen 
tation according to the orientation of the camera and the 
orientation of the real object relative to the gravity direction. 
Because visual object detection is not capable to determine 
the position and orientation of the real object relative to the 
camera based on a camera image, in this case only the 
orientation of the camera relative to the real object is known, 
given that the real object has a known orientation with 
respect to gravity. This can for example be determined based 
on the readings of inertial sensors. Further, the orientation of 
the real object with respect to the gravity direction may be 
manually provided or automatically determined. For 
example, if the real object is visible in the camera image 
before, the orientation of the real object with respect to the 
camera direction may be determined from the camera 
images of the real object. The camera orientation with 
respect to the gravity direction could be obtained from a 
gravity sensor or an image of the camera that captures a 
ground plane. Therefore, the orientation of the real object 
with respect to the gravity direction could be determined 
automatically. 
0090. In another embodiment, the spatial relationship 
between the camera and the real object may also be deter 
mined by using a tracking system. For example, an optical 
tracking comprising several optical cameras attached to 
fixed positions (e.g. on a ceiling in an indoor environment) 
may be used to determine positions and orientations of the 
camera and the real object in the coordinate system of the 
optical tracking system. 
0091 Because not all degrees of freedom of the spatial 
relationship between the real object and the camera are 
known with a confidence greater than a given threshold, an 
embodiment of this invention decides that the augmented 
reality presentation mode is not suited in FIG.3b. However, 
the virtual reality presentation mode is Suited in this case 
because the orientation of the camera relative to the real 
object indicates that the display is facing upwards and as a 
result might be visible to the user. 
0092 Another embodiment of this invention determines 
this specific spatial relationship according to an image 
recognition or tracking method to detect if the real object is 
partially in the camera image or not. 
0093. In this example, the invention shows an image 314 
of the real object which is not a live image but has been 
captured earlier. The image can also be a rendering of a 3D 
model of the real object. With this image of the real object 
there is displayed spatially registered a virtual object 315, 
which is a lid for the mug and represents the digital 
information related to the real object represented by a 
three-dimensional object. Based on this visualization, a user 
might understand the spatial and semantic relation between 
the real mug on a table and a lid, which is not physically 
present without the need of a live image of the real object. 
0094. In this example, a spatial relationship between the 
display and the earth may be used as an additional condition 
for determining a suitable presentation mode for presenting 
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the virtual lid associated with the real mug. In the situation 
that the real mug is not within the camera's frustum, the 
virtual reality presentation mode is determined to be used to 
present the virtual lid when the display Screen is facing 
upwards, while the audio presentation mode is determined to 
present the virtual lid when the display Screen is facing 
downwards. 

0095. In the event when the orientation of the device 316 
with display and back-facing camera 319 is not suitable to 
present the digital information in augmented reality or 
virtual reality modes, an audio mode 317 will be chosen for 
information presentation and an appropriate format of data 
representation will be chosen. Instructions will be given to 
the user in audio format, e.g. using a text-to-speech engine 
or pre-defined playback of the audio files whichever is 
available. 

0096 FIG. 4 outlines basic layers of architecture accord 
ing to an embodiment of the described invention. The 
application layer 401 incorporates underlying logic of an 
exercised use case. The information presentation layer 402 
comprises the several modes of information presentation for 
a digital information (e.g. “turn right” or “attach the lid'). 
We have defined a set of 1) AR (augmented reality) mode: 
the digital information can be presented spatially registered 
rendered on top of a live view of the real object, and 2) VR 
(virtual reality) mode: that the digital information can be 
presented visually on the screen but without any live regis 
tration to a live view, and 3) Audio mode: that the digital 
information cannot be presented visually on the screen but 
may be presented acoustically (e.g. by speakers or head 
phones). Different modes of information presentation for a 
digital information may require different kinds of data 
representation of the digital information. The data represen 
tation layer 403 incorporates different representations of a 
digital information including but not limited to textual 
information, audio files, 2-D static imagery, video clips, 3-D 
models. Representations of the digital information could be 
populated Statically through a number of authoring tools and 
methods during a design time of the application, or can be 
generated dynamically through a communication request to 
an appropriate content delivery service. We also envision a 
dynamic information acquisition through a number of 3-D 
reconstruction techniques that can be used for 3-D model 
creation (i.e. clay modeling, etc.). 
0097 FIG. 5 shows an example of the underlying data 
representation layer 403 of digital information in an embodi 
ment of the invention. For example the digital information 
to turn right 501 may be stored in different representations. 
In a first representation 502 the information may be repre 
sented by a string, i.e. a sequence of characters, spelling 
“Turn right. This representation could for example be 
printed on a display or it could be read out loud using 
text-to-speech Software depending on which mode of infor 
mation presentation is suitable. The second representation 
503 in this example is a digital audio file representing a 
recording of an instruction to turn right spoken by a human 
being. The third representation 504 is a two-dimensional or 
three-dimensional arrow bent to the right. This representa 
tion can for example be used to be shown spatially registered 
with a live camera image if the AR mode is a suitable mode 
of information presentation. It may be further used in a 
virtual reality mode in combination with an image of the real 
object which is not live. 
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0098. The digital information of an instruction to 
unscrew a screw 511 could for example be represented by a 
string “Unscrew 512, by a digital video sequence 513 
showing how a hand unscrews a screw, or by a digital 3D 
model of a screwdriver 514 potentially with animations. 
0099. Different modes of information presentation may 
require different representations of the digital information. 
Different modes of information presentation may put differ 
ent constraints on the spatial relationship between a camera 
and a real object. Different modes of information presenta 
tion may have different richness of detail. An embodiment of 
this invention may automatically determine the mode of 
information presentation with the highest richness of detail, 
which is consistent with the present spatial relationship 
between a camera and a real object as well as depending on 
the available representations of the digital information to be 
presented to the user. 

EXAMPLE EMBODIMENTS 

0100 1) Compute poses of a camera relative to the real 
object, i.e. track the real object. 
0101) 2) Store the last valid poses while tracking the real 
object. 
0102 3) On lost tracking provide alternative presentation 
mode to deliver information. 
0103 a. Use case: Maintenance (see FIG. 3b). Once 
tracking is lost (e.g. the device is placed on the table 312) 
switch to VR mode and bring up a 3D model 314 of the 
tracked object 311, and use one of the last valid poses from 
tracking to render the virtual object. The real object in this 
use case is a mug that requires to be maintained. The virtual 
object is a 3D model 315 of a lid that is registered to the real 
object that requires maintenance. 
0104 b. Use case: Pedestrian Navigation (see FIG. 2b). 
Once tracking is lost (e.g. the user puts the device into a bag, 
or straps it at the shoulder 213), the present method brings 
up audio navigation instructional mode 215 via headsets 214 
(text-to-speech engine may be required). For example, digi 
tal maps as disclosed in reference 1 (1): http://books. 
google.de/books?hl=en&lr=& 
id=6ZujOcWns8EC&oi=find&pg=PA3&ots=- 
9vgwofCoL&sig=Px8cBodCFHX0 
uCFKYaogWHOApgilv=onepage&q&f=false) could be 
used as an alternative on lost tracking if the user keeps 
interacting with a device (e.g. pointing camera to the 
ground). The real object in this use case is the real environ 
ment, e.g. at least part of the environment 211 (e.g. a city). 
The digital information associated with the environment 
may be a map of the environment or a part of the map or the 
information to turn right in front of the house. The repre 
sentation of the digital information is auxiliary information 
215 necessary to get to a destination, e.g. a text which is read 
using text-to-speech Software. 
0105. 4) Keep running the camera and attempt tracking in 
the background while presenting information in 3). 
0106 5) Once tracking reinitializes, switch to the aug 
mented reality mode of information presentation. 
0107. One embodiment of this invention incorporates the 
use of additional devices (e.g. Smart watches, head-mounted 
devices, etc.) available at the time of observation of a real 
object. These wearable devices could not only deliver audio 
visual information about a real object, but, leveraging an 
on-board camera sensor, be a main participant of the 
described system for interacting with a digital information 
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about a real object. If more than one camera-equipped 
device exists, then an embodiment of this invention deter 
mines for each of them which mode of information presen 
tation is Suited according to a spatial relationship between 
the camera and the real object. A second step then deter 
mines which device may provide the richer information 
presentation mode, and then assigns presentation precedence 
accordingly. For example, a user is in possession of a tablet 
computer and Smart watch both equipped with a camera 
during observation of a real object. The method will select 
the mode of information presentation for each device once 
spatial relationships have being determined. If the virtual 
reality mode of an information presentation is chosen for the 
tablet, and the augmented reality mode is chosen for the 
smart watch, the preference would be given to a device with 
the highest richness of detail, which is the Smart watch in 
this case. Furthermore different devices may have assigned 
different priorities, e.g. depending on the size of their 
display, Such that if the augmented reality mode is Suited on 
two devices, the device with the larger display is being used 
for information presentation. 
0.108 Possible implementation steps according to an 
embodiment of the invention (Maintenance Use case): 
0109 1) User decides on the user task to perform (e.g. 
Maintenance). 
0110 2) The tracking system tries to determine a spatial 
relationship between a camera and a real object 
0111. 3) Once the tracking system succeeded, digital 
information is registered to the real object. 
0112 4) The AR mode is decided to be used to present for 
a digital information that is related to the selected user task 
and the real object. 
0113 5) Once the presentation mode is decided, the 
representation of the digital information is chosen for a 
given presentation mode (e.g. in the current implementation 
the 3-D model of the digital information is being loaded). 
0114 6) The tracking system stores the last N (= 1, 2, 3, 
4. . . . ) poses while tracking is successful. 
0115 7) Once tracking is lost (i.e. the real object is not 
visible in camera image), the system runs an embodiment of 
this invention to decide on a suitable presentation mode (i.e. 
in current implementation it switches to the VR mode with 
Some descriptive instructions). 
0116 8) The digital information (3-D model) is posi 
tioned with the tracking pose N recorded in the Step 6. 
0117 9) Once tracking reinitializes, this implementation 
starts again from Step 3. 
0118. In another embodiment an application does not 
only store poses (i.e. spatial relationships between the cam 
era and a reference coordinate system) but also camera (key) 
images while in the augmented reality presentation mode. 
These key images are stored so they can be displayed in the 
virtual reality presentation mode afterwards to represent at 
least part of the real object, i.e. as a representation of (at least 
part of) the real object. Different approaches could be used 
to determine which camera images to store. For example, a 
new camera image is only stored if there is no other image 
within the set of already stored (key) images which has a 
similar appearance. For example a new camera image is only 
added to the set of stored images if the similarity between 
the new image and all images in the set of Stored images is 
below a particular threshold. The similarity between two 
images can for example be defined as the (normalized) 
cross-correlation between them. The similarity can further 
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be computed based on the cross correlation of histograms 
over intensity or gradient directions of the two images. The 
similarity could further be computed based on the number of 
matches when detecting and describing local image features 
in both images with approaches such as SIFT and then 
considering all combinations of features from the two 
images as matches when their distance is below a particular 
threshold. The threshold to decide when to add a new image 
to the set may be manually provided once or it may adapt 
according to the similarities between the images in the set. 
In another embodiment, a new camera image is only stored, 
if there is no other image within the already stored images 
which has been taken under a similar camera pose. The 
similarity of two camera poses can be for example computed 
based on the difference in translation and the difference in 
orientation between the two poses. 
0119) Another embodiment further decides if a camera 
image should be stored for later use in the virtual reality 
presentation mode or not based on the camera pose and how 
the real object is visible in the camera image. For example 
an image is only stored as key image if at least a portion (e.g. 
50%) of the real object is visible in the image. In another 
example, an image is only stored as key image if the real 
object occupies at least a minimum area in the image. This 
area could for example be 500 pixels or it could be a portion 
of the camera image, i.e. 25%. In another embodiment, it is 
further decided if a camera image should be stored for later 
use in the virtual reality presentation mode or not based on 
the camera pose and how digital information related to the 
real object would be Superimposed on the camera image. For 
example, an embodiment would only store an image to be 
used in the virtual reality mode if at least part of the digital 
information would be visible if superimposed spatially reg 
istered with the camera image. 
0120 Possible implementation steps according to an 
embodiment (here: pedestrian navigation using GPS): 
0121 1) A user selects or inputs a desired destination to 
be navigated to. 
0122 2) A camera that is attached to a device's display is 
started and a first image is captured and presented to the user. 
0123. 3) The tracking system initializes with listener for 
device's location updates. 
0.124. 4.) Upon initialization a digital auxiliary informa 
tion (POI object) is drawn on the screen that corresponds to 
the desired final destination. 

0.125 5) Upon first location update (e.g. from GPS), the 
current location of the device is identified and the distance 
to the final destination is calculated and displayed on the 
POI. 

0126 6) A turn-by-turn route is calculated between the 
current location of the device and the requested final desti 
nation (potentially using a third party routing service, which 
involves communication to a server). 
0127 7) The route is divided into several atomic way 
points, that correspond to a single leg of the route. 
0128. 8) The intermediate POIs are created for each 
waypoint, incorporating necessary digital instructions (e.g. 
in textual representation format) indicating how to proceed 
from each waypoint. 
0129 9). On every drawn frame, an algorithm checks the 
device's orientation with respect to gravity: 
0130 a. When the optical axis of the camera is close to 
orthogonal to the gravity direction, Augmented Realty mode 
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is Suited, and instructions will be presented in (audio) visual 
format together with a live view to the user 
I0131 b. If augmented reality mode is not suited (e.g. 
because the device is stowed in a bag) audio information 
presentation mode will be chosen to proceed with naviga 
tion. 
I0132) 10) Upon following location updates the current 
distance to all waypoints will be calculated and instructions 
will be given to the user in an appropriate information 
presentation mode once the user within the vicinity of X 
meters to the nearest waypoint. 
0.133 FIG. 6 depicts a workflow diagram according to an 
embodiment for a selection of an appropriate information 
presentation mode. The mode according to step 606 will be 
chosen as a fallback mode in the event when no other modes 
603 or 605 that provide richer information presentation 
experience are suitable at the given context. Based on at 
least part of the spatial relationship between a camera and a 
real object (601), step 602 determines whether the aug 
mented reality presentation mode is a Suitable mode of 
information presentation. This can for example be imple 
mented according to the embodiment shown in FIG. 7. If the 
AR mode is suitable, it is used (step 603). Otherwise step 
604 determines if the virtual reality presentation mode is 
suitable given the spatial relationship 601. If so, the VR 
presentation mode is used (step 605). Otherwise, the Audio 
presentation mode is used (step 606). Note that both the AR 
presentation mode (603) and the VR presentation mode 
(605) might include auditory output. 
0.134 FIG. 7 shows a flowchart of how an embodiment of 
the invention may determine if the augmented reality pre 
sentation mode is Suited based on at least part of the spatial 
relationship between a camera and a real object 701. The 
decision block 702 corresponds to an embodiment of 602 in 
FIG. 6. Firstly, it is checked in step 703 if 701 includes at 
least part of a translation. If this is not the case (705), the 
decision block 702 comes to the conclusion that the AR 
presentation mode is not suited (710). Otherwise (704), it is 
further evaluated in step 706 if the orientation part of 701 is 
suited for the AR presentation mode. The orientation part of 
701 enables transforming at least one vector indicative of a 
direction in the coordinate system of the object into the 
coordinate system of the camera. Then an embodiment of 
706 would define a reference vector indicative of a direction 
expressed in the camera coordinate system and a threshold 
and 706 would require that the scalar product between the 
vector transformed from the object coordinate system to the 
camera coordinate system and the reference vector is above 
the threshold such that step 706 results in “yes”. Multiple 
pairs of reference vectors and thresholds could be used. 
0.135 For example if the real object is at least part of the 
environment, then the vector of interest could be the gravity 
vector. The spatial relationship between the camera and the 
real object in this case could be based on inertial sensors 
attached to the camera that measure the absolute orientation 
of the camera with respect to gravity. This allows for 
transforming the vector defined in the object coordinate 
system (i.e. the gravity vector) into the coordinate system of 
the camera. 
0.136 Now, if, for example, the virtual reality presenta 
tion mode is only Suited if the camera is looking on the floor 
(which is part of the environment and therefore part of the 
real object), then the following definitions of the reference 
vector and threshold could be used. The reference vector in 
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the camera coordinate system could be a vector parallel to 
the principal axis of the camera. Let us assume both the 
vector indicative of the orientation of gravity in the camera 
coordinate system and the reference vector are of unit 
length. Defining the threshold as 0.9 and enforcing that the 
scalar product between the reference vector and the trans 
formed vector is above this threshold then means the fol 
lowing. The angle between the principal camera axis and the 
normal of the floor (i.e. gravity vector) is less than cos' (0.9) 
degrees, which is approximately 26 degrees. 
0.137 In another example, if the augmented reality pre 
sentation mode is only Suited if the camera is in portrait 
mode with respect to the real object (i.e. not in landscape 
mode). This could be implemented as follows. The reference 
vector in the camera coordinate system is defined as a vector 
parallel to the longer side of the imaging sensor of the 
camera and the vector transformed from object coordinates 
to camera coordinates is again the gravity vector as in the 
previous example. Now, if the threshold is chosen as 0.7071, 
this corresponds to an angle of 45 degrees between the two 
vectors, and the condition is only true if the camera is in a 
portrait orientation, not in a landscape orientation. 
0.138. In another example, the real object is a garage with 
an open door (i.e. a cube with one face missing) and the 
digital information is a (virtual) car inside the garage. In this 
case, any camera orientation that does not allow for looking 
into the garage through the door could be considered not 
Suited for the augmented reality presentation mode. The 
spatial relationship between a camera and the real object 
could in this example be determined based on visual camera 
tracking and comprise the full 6DoF camera pose. The 
vector in the object coordinate system is pointing inside the 
garage through the open door and it can be transformed to 
the camera coordinate system given the spatial relationship 
between the two. The reference vector in the camera coor 
dinate system is defined parallel to the principal axis of the 
camera and the threshold could in this example be defined as 
0.8. As a result, in this example, the augmented reality 
presentation mode is only Suited if the camera orientation 
allows for looking into the garage through the open door, i.e. 
if the angle between the camera's principal axis and a vector 
pointing inside the door is less than ~37 degrees, which 
corresponds to a scalar product of the transformed unit 
vector and the reference unit vector of more than 0.8. Instead 
of manually defining the threshold, it could also be defined 
depending on intrinsic camera parameters, such as the focal 
length, which may be provided once or estimated online. 
0.139. If the orientation is not suited (709), the decision 
block 702 returns “no” (710). Otherwise the decision block 
707 returns “yes” (708). 
0140 FIG. 8 shows a flowchart of how an embodiment of 
the invention may determine if the virtual reality presenta 
tion mode is Suited based on at least part of the spatial 
relationship between a camera and a real object 801. The 
decision block 802 corresponds to an embodiment of 604 in 
FIG. 6. Firstly, it is checked in step 803 if the orientation part 
of 801 is suited for the VR presentation mode. The orien 
tation part of 801 enables transforming at least one vector in 
the coordinate system of the object into the coordinate 
system of the camera. Then an embodiment of step 803 
would define a reference vector expressed in the camera 
coordinate system and a threshold and step 803 would 
require that the scalar product between the vector trans 
formed from the object coordinate system to the camera 
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coordinate system and the reference vector is above the 
threshold such that step 803 results in “yes”. Multiple pairs 
of reference vectors and threshold could be used. This 
formulation could for example result in 803 only returning 
“yes” when the camera is facing the lower hemisphere under 
the assumption that a display is facing opposite to the 
camera and that the display is only visible to a user if facing 
to the upper hemisphere. If the orientation is not suited (805) 
then the decision block 802 returns “no” (810). Otherwise 
(804) it is checked if the camera has been stowed away. An 
embodiment of block 806 is detailed in FIG. 9. If the camera 
has not been stowed away (807), the decision block 802 
returns “yes”, i.e. that the VR mode is suited. Otherwise 
(809) it returns “no”, with 810 meaning that VR mode is not 
Suited. 

0141 FIG. 9 describes an embodiment 901 to determine 
whether a camera is stowed away. The decision block 902 
checks whether the screen, (i.e. display) of the device 
comprising the camera is turned off. The display could be 
turned offmanually by the user or switched off automatically 
by the operating system of a device after an idle period. In 
the event of 903 “yes” the decision block 901 returns “yes” 
(910) and we can conclude that the camera is stowed away. 
Thus, according to an embodiment (shown in FIG. 8) of the 
invention, step 809 will be executed meaning the VR mode 
is not Suited. In the event that screen is turned on, we 
proceed with 904 “no to decision block 905 to determine 
whether a proximity sensor continuously detects a nearby 
object for an extended period of time (e.g. 30 seconds). This 
can give us indication that the device might be placed inside 
an object (e.g. pocket or bag) and exclude arbitrary situa 
tions when a proximity sensor is covered unintentionally 
with a finger. In the event 906 “yes” we can conclude that 
the camera is stowed away. Thus, according to the embodi 
ment shown in FIG. 8, step 809 will be executed and VR 
mode is not suited, otherwise we proceed with step 907 to 
exercise decision block 908 to determine whether the current 
motion matches any motion pattern. The motion thereby 
refers to at least part of the spatial relationship between a 
camera and a real object measured at least two points in 
time. 

0142. The motion of a camera relative to a real object 
refers to a movement of the camera between at least two 
positions relative to the real object. If the object is static 
(relative to the earth), the motion of the camera relative the 
real object is the same as a motion of the camera relative to 
the earth. If the object is dynamic (relative to the earth), the 
motion of the camera relative the real object is different from 
a motion of the camera relative to the earth. 

0143. There may exist (fused) sensor data from inertial 
sensors, (three-axis) accelerometers, (three-axis) gyro 
Scopes, or other auxiliary sensors that provide information 
about device position or orientation. Using Supervised 
machine learning techniques motion patterns corresponding 
to a device being carried in a pocket, a bag, or a purse may 
be learned. This enables identifying such situations later on 
and distinguishing them from arbitrary events that are not of 
interest (e.g. when the device is moved during walk, run, 
etc.) In the event 910 “yes” the decision block 901 returns 
“yes” and step 809 is executed. This means that the VR 
mode is not suited if the motion pattern is indicative of the 
camera being stowed away. Otherwise step 909 will result in 
the conclusion that camera is not stowed away, executing 
step 808, i.e. the VR mode. 
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0144. The above embodiments can use different kinds of 
displays to present the digital information to a user, espe 
cially using the AR presentation mode or the VR presenta 
tion mode. In particular, they can use reflective and emissive 
displays such as LCD displays or LED displays. Such 
displays are for example used in handheld devices such as 
Smartphones or tablet computers where they are rigidly 
connected to a back-facing camera. In the augmented reality 
presentation mode, these displays are used to show the live 
camera image and to present the digital information related 
to the real object overlaid with the live camera image. The 
embodiments described above can further use semi-trans 
parent displays that allow the user to see through the display, 
and thereby optically see the environment through the 
display. This might include seeing the real object of interest 
in the augmented reality presentation mode where the dis 
play is only used to present the visual digital information but 
it does not present a live camera image. Such displays are for 
example based on OLED or LCD technology and are 
frequently found in head-mounted displays. In many cases, 
there is a camera rigidly attached to Such head-mounted 
displays and in this case that camera can be the camera for 
which at least part of its spatial relationship relative to the 
object is determined. When head-mounted displays are 
worn, the spatial relationship between the user's eye and the 
display is usually approximately constant. However, it deter 
mines which part of the environment the user can see. If an 
optical see-through display, i.e. a semi-transparent display, is 
held in a user's hand, the spatial relationship between an eye 
and the real object becomes important to determine if an 
object can be (partially) seen through the display or not and 
this might then be indicative of whether the augmented 
reality presentation mode is Suited or not. In this case, the 
decision on which mode of presentation to choose depends 
on a spatial relationship between an eye and at least one 
reference coordinate system. The at least one reference 
coordinate system might comprise a coordinate system of 
the real object and/or a coordinate system of the (semi 
transparent) display. 
0145 A display (device) can create an image at different 
distances from an eye. A video projector (e.g. based on LCD, 
LED, DLP, CRT, or laser) is a display device that could be 
used in the context of this invention. It creates an image at 
the Surface it projects onto, which might be at least part of 
the real object associated to which digital information is 
being displayed. For handheld devices, such as tablet com 
puters or Smartphones, the display (device) is located in the 
users hands. Wearable computers often have displays 
attached to the user's body, e.g. at the wrist when using a 
Smart watch, or in front of the eyes when using a head 
mounted display. This invention may further use a display 
which is attached to a human eye, e.g. at the form factor of 
a contact lens, directly attached to the eyeball. The display 
device may further project light onto the retina of the user. 
In Such cases the spatial relationship between the display 
and the eye may be static and we can assume the user can 
always see the display. 
0146 Note that the terms “display' and “display device' 
are used interchangeably throughout this document. 
0147 In the virtual reality presentation mode all kinds of 
displays discussed above may be used, which particularly 
includes optical see-through displays. In this case, instead of 
viewing the real object through the display, an image or a 
model of the real object may be shown on the display. 
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0148 FIG. 10a shows schematically a real object 1001 
that is observed through an optical see-through display 1002 
by a human eye 1003. A spatial relationship 1004 between 
the eye and a coordinate system associated to the real object 
is determined and may serve as basis for the selection of a 
mode of presentation for digital information related to the 
real object 1001. In particular this spatial relationship 1004 
influences the field of view 1005 of the eye 1003 through the 
display 1002. In the spatial relationship present in FIG. 10a, 
the real object 1001 is located within the field of view 1005 
and therefore an embodiment of this invention may select 
the augmented reality presentation mode as mode to present 
digital information related to the real object 1001 on the 
display 1002. In one embodiment, a first camera attached to 
the display 1002 may capture an image of the real object 
1001 in order to determine a first spatial relationship 
between the first camera and the real object. A second 
camera attached to the display 1002 may capture another 
image of the eye 1003 in order to determine a second spatial 
relationship between the second camera and the eye. A third 
spatial relationship between the first and second cameras 
may be known. Then, the spatial relationship 1004 could be 
determined according to the first, second and third spatial 
relationships. 
0149. In FIG. 10b there is shown a real object 1011, an 
optical see-through display 1012 and an eye 1013. Again a 
spatial relationship 1014 between the eye and a coordinate 
system is determined, where in this case the coordinate 
system is associated to the real object 1011. This spatial 
relationship in this case is indicative of that the field of view 
1015 of the eye 1013 through the display 1012 does not 
include any part of the real object 1011. In this case, an 
embodiment of the present invention would select the virtual 
reality mode according to the spatial relationship 1014. 
0150 All embodiments mentioned above for determining 
which mode of information presentation to choose from a 
plurality of modes based on an input of a spatial relationship 
between a camera and a coordinate system (e.g. associated 
to a real object) may analogously be performed based on a 
spatial relationship between an eye and a coordinate system 
(e.g. associated to a real object or to a display). In this case, 
the camera is equivalent to the eye. 
0151. There are several approaches possible how to 
determine a spatial relationship between an eye and a 
coordinate system. In one embodiment, the spatial relation 
ship between an eye and a coordinate system is determined 
based on an image captured by a camera and by detecting the 
position of an eye in the camera image. This can for example 
be done based on features such as corneal reflection and the 
center of the pupil. The camera image may capture visible 
light or infrared light, or a combination of both might be 
used. Such methods result in a spatial relationship between 
an eye and a coordinate system of a camera. If a spatial 
relationship between the coordinate system of the camera 
and a second coordinate system is known, then the spatial 
relationship between the eye and the second coordinate 
system can be determined by concatenation. 
0152 Another embodiment uses a face detection or face 
tracking method to determine a spatial relationship between 
a camera and a face. Any state-of-the-art algorithm could be 
used that operates on an image either in grayscale format or 
RGB, YUV or any other color format. Furthermore, algo 
rithms operating on range data, e.g. obtained from passive or 
active stereo cameras or time of flight cameras may be used. 
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The detection may for example be based on neuronal 
networks, support vector machines, or any other approach 
using machine learning. If the spatial relationship between a 
coordinate system of the camera and a face has been 
determined according to an algorithm as described above, 
the spatial relationship between the coordinate system of the 
camera and an eye in the face can be determined given the 
known spatial relationship between a face and an eye in the 
face. Analogously to the previous example, if the a spatial 
relationship between the coordinate system of the camera 
and a second coordinate system is known, then the spatial 
relationship between the eye and the second coordinate 
system can be determined by concatenation. 
0153. This invention further comprises a method to 
inform the user that the digital information is not available 
in a representation Suitable for the mode of presentation 
selected according to the current spatial relationship 
between a camera (or an eye) and the real object. In this case 
the system may further give an instruction about movements 
or positions or orientations such that the spatial relationship 
between the camera (or eye) and the real object could be 
changed accordingly in order to select another mode of 
presentation. 
0154 Further, different modes of presentation could have 
different weights indicative of their presentation precedence, 
which may be given manually. For example, the AR pre 
sentation mode may be given a higher weight than the VR 
and audio presentation modes. The VR presentation mode 
may be given a higher weight than the audio presentation 
mode. When two presentation modes (e.g. the AR presen 
tation and VR presentation modes) are determined to be 
selected according to the spatial relationship, then the one 
(e.g. the AR presentation mode) that has a higher weight 
may be finally chosen for presenting the digital information. 
0155 Different representations of the digital information 
may have different levels of richness, which could also be 
manually defined. 
0156 There is further disclosed herein a method to 
inform the user that a different mode of presentation could 
provide the user with a richer representation of the digital 
information, and give an instruction about movements or 
positions or orientations to the user to change the spatial 
relationship between the camera (or eye) and the real object 
such that the mode of information presentation is suited for 
presenting the digital information in a richer way. For 
example, if the mode of presentation is the audio mode and 
the digital information describes a particular position at a 
façade, then the audio mode could for example explain that 
the position is located between the 4" floor and the 5" floor 
and that it is located on the left side of a billboard at the 
façade, while the augmented reality mode could present the 
same information in a much richer and plain way by simply 
displaying a point or cross at the respective position. In this 
case, the method would suggest to the user that a different 
mode of information presentation would provide richer 
information in the current situation and give instructions 
(like a voice command of “move the camera towards the 
billboard or place the camera horizontally”) to the user in 
order to encourage the user to move the camera such that the 
AR mode is suited. 

015.7 Informing the user that a different mode of presen 
tation could provide the user with a richer presentation of the 
digital information may also be beneficial depending on 
spatial relationships. For example if the real object is a car 
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and the digital information is how to refill cooling liquid 
(e.g. the digital information may be a procedure to refill 
cooling liquid), then the user with a tablet computer could 
first point the camera towards the engine room of the car and 
the augmented reality presentation mode would be used to 
present where to refill the fluid superimposed on a live 
camera image. After putting the template computer on the 
side, an embodiment of this invention would switch to the 
virtual reality presentation mode and show an image of the 
engine room, which has been captured during the augmented 
reality presentation mode, Superimposed with the digital 
information, e.g. as a virtual 3D model. After the user 
confirms that he or she followed the digital information and 
refilled the cooling fluid, the next maintenance step, i.e. the 
next digital information, could be to refuel the car. The 
virtual reality mode would present a virtual 3D model of the 
real car superimposed with virtual 3D instructions, but it 
cannot present a camera image of the real car because the 
relevant part of the car, i.e. the fuel filler flap, has not been 
captured yet in the augmented reality mode and therefore no 
camera image of the flap exists. 
0158. A method according to an embodiment of this 
invention would now inform the user that moving the tablet 
computer to a pose where the camera captures at least part 
of the fuel filler flap would enable presenting a richer 
representation of the real object and therefore of the digital 
information. Moving the tablet computer accordingly would 
make the augmented reality view Suitable and afterwards, 
after at least one camera image (i.e. photo) of the flap has 
been stored, also the virtual reality mode would enable a 
richer representation by showing a photo of the car instead 
of rendering a 3D model of it which has less details and 
looks less realistic. 

0159. The level of richness can be manually defined as 
the augmented reality mode being the presentation mode 
with the richest information, the virtual reality mode being 
the presentation mode with the second richest information, 
and the audio mode as being the presentation mode with the 
least rich information. The richness may further depend on 
the individual use case and therefore the order of richness 
may be defined for each use case and each digital informa 
tion independently. If the digital information is a song, for 
example, then the Audio mode would provide a richer 
presentation by playing a record of the song than for 
example the virtual reality mode which would for example 
show the notes or the lyrics of the song. 

Information Presentation: 

0160 A mode of information presentation is a method to 
present digital information related to a real object. Modes of 
information presentation may include, but are not limited to: 
0.161 1) Augmented reality (AR) presentation: digital 
information is superimposed on a live view of the real 
object. The live view may be implemented as a live camera 
image of the real object (video see-through) or it may be 
based on a view of the real object through an optical 
see-through display. This form of presentation is based on a 
display. 
0162 2) Virtual reality (VR) presentation: digital infor 
mation is shown together with a digital visual representation 
of the real object, e.g. in the form of a 3D geometrical model 
of the real object, a digital video, a digital photo or image. 
This form of presentation is based on a display. 
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0163. In both the AR and the VR presentation mode, a 
display device (e.g. a LCD screen or a semi-transparent 
screen) is used to display the digital information. 
0164. 3) Audio Presentation: digital information is pre 
sented auditorily, for example using headphones or loud 
speakers. This mode of information presentation does not 
require any display. 
0.165 A suitable mode of information presentation is 
chosen, for example, as described in the embodiment 
according to FIG. 6. 

Representation: 

0166 Data representation is an abstraction indicating 
how digital information related to a real object is stored in 
the computer. A Suited format of data representation is 
chosen based on the information presentation mode. It 
includes at least one data representation format for each 
information presentation mode. Any combination of data 
representation formats may be used to enrich a given infor 
mation presentation mode and may include, but is not 
limited to: 
0167 1) For augmented reality (AR) presentation, the 
data representation of the digital information related to the 
real object and presented on the display may for example be 
a digital (animated) 3D model, a digital (animated) 2D 
model, a video, an image, a textual information, or an audio 
file. 
0168 2) For virtual reality (VR) presentation, the data 
representation of the digital information related to the real 
object and presented on the display may for example be a 
digital (animated) 3D model, a digital (animated) 2D model, 
a video, an image, a textual information, or an audio file. 
0169. 3) For audio presentation, the data representation 
of the digital information related to the real object may be a 
digital sound file, or text, which can be converted to speech 
by means of Software (e.g. text-to-speech). 
0170 Although various embodiments are described 
herein with reference to certain components, any other 
configuration of components, as described herein or evident 
to the skilled person, can also be used when implementing 
any of these embodiments. Any of the devices or compo 
nents as described herein may be or may comprise a respec 
tive processing device (not explicitly shown). Such as a 
microprocessor, for performing some or more of the tasks as 
described herein. One or more of the processing tasks may 
be processed by one or more of the components or their 
processing devices which are communicating with each 
other, e.g. by a respective point to point communication or 
via a network, e.g. via a server computer. 

1-29. (canceled) 
30. A method of presenting a digital information related to 

a real object, comprising: 
determining a spatial relationship between a camera and 

a real object, 
obtaining a plurality of presentation modes, wherein the 

plurality of presentation modes comprises an aug 
mented reality mode, and at least one alternative mode, 

obtaining at least one representation of a digital informa 
tion related to the real object, 

Selecting a presentation mode from the plurality of pre 
sentation modes according to the spatial relationship, 

presenting the at least one representation of the digital 
information using the selected presentation mode. 
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31. The method of claim 30, wherein the at least one 
alternative mode comprises a virtual reality mode and an 
audio mode. 

32. The method according to claim 31, wherein: 
the augmented reality mode visually blends in the at least 

one representation of the digital information on a 
display device in a live view of the real object accord 
ing to at least part of a spatial relationship between the 
camera or human eye, respectively, and the real object, 

the virtual reality mode visually presents the at least one 
representation of the digital information and a repre 
sentation of the real object on a display device, and 

the audio mode generates a sound according to the at least 
one representation of the digital information. 

33. The method according to claim 30, wherein the 
selecting a presentation mode from the plurality of presen 
tation modes according to the spatial relationship comprises 

determining whether at least part of the real object is 
within the field of view of the camera, and 

in response to determining that the at least part of the real 
object is within the field of view of the camera, 
Selecting the augmented reality mode as the presenta 
tion mode. 

34. The method according to claim 30, wherein the 
selecting a presentation mode from the plurality of presen 
tation modes according to the spatial relationship comprises 

determining whether the spatial relationship indicates that 
a distance between the camera and the real object is 
below a threshold, 

in response to determining that the spatial relationship 
indicates that a distance between the camera and the 
real object is below a threshold, selecting the aug 
mented reality mode as the presentation mode. 

35. The method of claim 30, wherein the selecting a 
presentation mode from the plurality of presentation modes 
according to the spatial relationship comprises 

determining whether the spatial relationship indicates that 
a distance between the camera and the real object is 
below a threshold, 

in response to determining that the spatial relationship 
indicates that a distance between the camera and the 
real object is not below a threshold, selecting one of the 
one or more alternative modes. 

36. The method according to claim 35, wherein the 
selecting one of the one or more alternative modes com 
prises: 

determining an orientation of the camera with respect to 
a gravity direction, 

selecting one of a virtual reality mode and an audio mode 
as the presentation mode according to the orientation of 
the camera. 

37. A computer readable medium comprising computer 
readable code executable by one or more processors to: 

determine a spatial relationship between a camera and a 
real object, 

obtain a plurality of presentation modes, wherein the 
plurality of presentation modes comprises an aug 
mented reality mode, and at least one alternative mode, 

obtain at least one representation of a digital information 
related to the real object, 

select a presentation mode from the plurality of presen 
tation modes according to the spatial relationship, 

present the at least one representation of the digital 
information using the selected presentation mode. 
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38. The computer readable medium of claim 37, wherein 
the at least one alternative mode comprises a virtual reality 
mode and an audio mode. 

39. The computer readable medium of claim 38, wherein: 
the augmented reality mode visually blends in the at least 

one representation of the digital information on a 
display device in a live view of the real object accord 
ing to at least part of a spatial relationship between the 
camera or human eye, respectively, and the real object, 

the virtual reality mode visually presents the at least one 
representation of the digital information and a repre 
sentation of the real object on a display device, and 

the audio mode generates a Sound according to the at least 
one representation of the digital information. 

40. The computer readable medium of claim 37, wherein 
the computer readable code to select a presentation mode 
from the plurality of presentation modes according to the 
spatial relationship comprises computer readable code to: 

determine whether at least part of the real object is within 
the field of view of the camera, and 

in response to determining that the at least part of the real 
object is within the field of view of the camera, select 
the augmented reality mode as the presentation mode. 

41. The computer readable medium of claim 37, wherein 
the computer readable code to select a presentation mode 
from the plurality of presentation modes according to the 
spatial relationship comprises computer readable code to: 

determine whether the spatial relationship indicates that a 
distance between the camera and the real object is 
below a threshold, and 

in response to determining that the spatial relationship 
indicates that a distance between the camera and the 
real object is below a threshold, select the augmented 
reality mode as the presentation mode. 

42. The computer readable medium of claim 37, wherein 
the computer readable code to select a presentation mode 
from the plurality of presentation modes according to the 
spatial relationship comprises computer readable code to: 

determine whether the spatial relationship indicates that a 
distance between the camera and the real object is 
below a threshold, and 

in response to determining that the spatial relationship 
indicates that a distance between the camera and the 
real object is not below a threshold, select one of the 
one or more alternative modes. 

43. The computer readable medium of claim 42, wherein 
the computer readable code to select one of the one or more 
alternative modes comprises computer readable code to: 

determine an orientation of the camera with respect to a 
gravity direction, and 

Select one of a virtual reality mode and an audio mode as 
the presentation mode according to the orientation of 
the camera. 

44. A system for presenting a digital information related 
to a real object, comprising: 

one or more processors; and 
a memory coupled to the one or more processors and 

comprising computer readable code executable by the 
one or more processors to cause the system to: 
determine a spatial relationship between a camera and 

a real object, 
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obtain a plurality of presentation modes, wherein the 
plurality of presentation modes comprises an aug 
mented reality mode, and at least one alternative 
mode, 

obtain at least one representation of a digital informa 
tion related to the real object, 

Select a presentation mode from the plurality of pre 
sentation modes according to the spatial relationship, 

present the at least one representation of the digital 
information using the selected presentation mode. 

45. The system of claim 44, wherein: 
the at least one alternative mode comprises a virtual 

reality mode and an audio mode 
the augmented reality mode visually blends in the at least 

one representation of the digital information on a 
display device in a live view of the real object accord 
ing to at least part of a spatial relationship between the 
camera or human eye, respectively, and the real object, 

the virtual reality mode visually presents the at least one 
representation of the digital information and a repre 
sentation of the real object on a display device, and 

the audio mode generates a sound according to the at least 
one representation of the digital information. 

46. The system of claim 44, wherein the computer read 
able code to select a presentation mode from the plurality of 
presentation modes according to the spatial relationship 
comprises computer readable code to: 

determine whether at least part of the real object is within 
the field of view of the camera, and 

in response to determining that the at least part of the real 
object is within the field of view of the camera, select 
the augmented reality mode as the presentation mode. 

47. The system of claim 44, wherein the computer read 
able code to select a presentation mode from the plurality of 
presentation modes according to the spatial relationship 
comprises computer readable code to: 

determine whether the spatial relationship indicates that a 
distance between the camera and the real object is 
below a threshold, and 

in response to determining that the spatial relationship 
indicates that a distance between the camera and the 
real object is below a threshold, select the augmented 
reality mode as the presentation mode. 

48. The system of claim 44, wherein the computer read 
able code to select a presentation mode from the plurality of 
presentation modes according to the spatial relationship 
comprises computer readable code to: 

determine whether the spatial relationship indicates that a 
distance between the camera and the real object is 
below a threshold, and 

in response to determining that the spatial relationship 
indicates that a distance between the camera and the 
real object is not below a threshold, select one of the 
one or more alternative modes. 

49. The system of claim 48, wherein the computer read 
able code to select one of the one or more alternative modes 
comprises computer readable code to: 

determine an orientation of the camera with respect to a 
gravity direction, and 

select one of a virtual reality mode and an audio mode as 
the presentation mode according to the orientation of 
the camera. 


